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Page  24. 

GEOHETHIC  SET HODS  OF  PBOCBSSIMG  TELEVISI OR  IMAGES  OF  THE  CLOUD  COVBB 
OF  THE  BARTH. 

§1.  Introduction.  Fornulation  of  tne  problea. 

K.  S.  Shifrin,  Tu.  S.  Fridaan. 

Use  of  ISZ  [artificial  earth  satellite]  for  meteorological 
observations  placed  before  applied  aatheaatics  a  whole  series  of  new 
problens.  One  of  such  problens,  about  which  will  go  the  speech  below, 
is  the  developnent  of  the  aatheaatical  method  of  treating  the  inages 
of  the  cloud  cover,  obtained  with  the  help  of  the  television  caaera, 
situated  on  satellite,  la  spite  of  the  large  efforts/forces,  spent  on 
the  developnent  of  other  methods  of  obtaining  the  inforaation  about 
atmosphere,  the  television  photographs  of  the  cloud  cover  and  of  the 
earth's  surface  are  the  up  to  now  only  fora  of  the  inforaation, 
actually  utilized  in  the  meteorological  practice  of  the  series/row  of 
the  countries.  This  inforaation  is  of  large  interest,  sxace  fora  and 
cloudiness,  structure  of  the  fields  of  cloudiness,  rotation  of  the 
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focas  of  cloudiness  and  their  evolution  can  serve  as  basis  for  the 
diagnosis  of  aacro-  and  sesoscale  ataospheric  processes.  Be  are  to  a 
certain  degree  returned  here  to  the  idea  of  nephanalysis  -  the 
deteraination  of  a  weather  change  in  observations  of  cloudiness,  but 
already  at  other,  such  higher  level:  at  the  level  of  the  use  of  these 
aeteorological  satellites  £  2]. 

Bach  photograph  of  the  cloud  cover  contains  a  colossal  quantity 
of  inforaational  units,  if  we  taJce  into  account  also  an  enoraous 
nuaber  of  photographs  of  cloudiness,  which  continuously  enter  with 
ISZ,  then  it  will  becoae  it  is  clear  that  here  nust  be  used  the 
aethods  of  aachine  working/treataent.  According  to  the  evaluation  of 
Te.  K.  Fedorov,  the  discussion  deals  with  billions  of  inforaation 
daily  [1], 

Dp  to  now  in  essence  froa  this  entire  enoraous  aaterial  are  used 
separate  photographs  for  weather  analysis  in  especially  coaplicated 
situations,  when  usual  synoptic  analysis  proves  to  be  aabiguous.  This 
is  done  visually,  by  the  ezaaination  of  separate  photographs.  The 
aethods  of  analysis  are  qualitative  and  suffer  subjectivisa.  Although 
in  a  nuaber  of  cases  siailar  analysis  is  very  useful,  it  is  clear, 
however,  that  it  cannot  be  coaprehensive .  It  is  necessary  to  study 
the  Bass  characteristics  of  cloud  foraation/educations,  their 
dynaaics  and  statistics,  to  coapare  thea  with  the  ground-based  data 
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and  synoptic  charts  of  arsa  in  guest ion  and  pariod. 

Page  25. 

But  as  to  fulfill  a  sinilar  work  with  aany  thousands  of 
photographs,  which  we  do  place? 

It  is  obvious,  for  this  it  is  necessary  at  first  to  learn  to 
soaehow  preliminarily  treat  photographs,  extracting  of  than  basis  and 
leaving  aside  secondary,  unessential.  Clearly  also,  that  these 
nethods  of  treating  the  photographs  aust  be  adapted  to  coaputers. 
which  are  capable  of  operationally  fulfilling  this  working  A?  eat  sent. 

In  the  present  work  are  presented  the  aethods.  which,  as  it 
seeas  to  us.  can  be  placed  as  the  oasis  of  the  solution  of  this 
problea. 

Bach  photograph  of  the  cloud  cover  contains  aany  different  fine 
details,  precise  transfer  and  analysis  of  which  actually  are  not 
necessary.  This  is  the  excess  inforaation  ("  inforaational  noise"), 
which  cannot  be.  in  any  case  at  present,  rationally  used.  For  the 
practical  use  of  photographs  entire  inforaation.  which  is  contained 
in  photograph,  aust  be  reduced  to  the  li sited,  comparatively  saall 
nuaber  of  integral  characteristics.  It  is  necessary  to  further  study 
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statistics  and  dynamics  of  these  characteristics,  to  trace  their 
connection/coaaanication  with  meteorological  processes  of  macro-  and 
aesoscale. 

The  correct  selection  of  fundaaental  characteristics  has 
iaportant  value,  in  different  problens  this  selection  can  be 
different,  hardly  it  is  possible  to  propose  anything  universal.  The 
aore  or  less  reliable  systea  of  characteristics,  probably,  it  will  be 
possible  to  obtain  after  the  acguisition  of  adequate  experience 
according  to  the  analysis  of  photographs  and  studies  of  their 
connection/coaaunication  with  aeteorological  processes.  But  it  seeas 
to  us  doubtless  that  as  the  basis  of  siailar  analysis  aust  be  placed 
the  geometric  characteristics  of  photograph  -  portion  of  the  area, 
occupied  with  clouds,  grain  of  cloud  for aation/educations,  direction, 
degree  of  elongation  and  curvature  of  cloud  bands,  convexity  and 
connectedness  of  separate  cloud  nuclei,  etc.  Problea  is  reduced  to 
the  development  of  the  aachine  methods  of  determining  the  geometric 
characteristics  of  photographs. 

Let  us  note  that  a  similar  problea  arises  also  during  the 
analysis  of  the  radar  traces  of  clouds  and  photographs. 

For  the  analysis  of  television  photographs  were  proposed 
series/row  of  the  diagraas,  based  on  the  theory  of  randoa  processes. 
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information  theories  and  identification  of  fores  [*-9].  For  a  all  7  the 
problem  of  pattern  recognition  can  be  realized  both  by  the  deternined 
way  on  the  basis  of  certain  of  the  sufficiently  conplete  system  of 
the  parameters  and  with  the  help  of  the  algorithms  of  recognition 
with  stochastic  instruction.  In  this  article  we  propose  the  strictly 
formalized,  or  determined  methods  of  the  interpretation  of 
photographs. 

In  view  of  the  complexity  of  the  forms  of  satellite  photographs 
during  the  recognition  of  cloud  systems  without  preliminary 
paraaetrization  the  requirements  for  the  memory  will  considerably 
exceed  the  possibility  of  contemporary  ETsVH  [digital  computer]. 
Furthermore,  the  determined  instruction  always  is  more  reliable  than 
stochastic. 

The  values  of  our  parameters  can  be  considered  as  the  components 
of  the  vector  function,  determined  in  the  space  of  data  of  the 
brightness  of  surface  elements,  moreover  if  this  space  has 
dimensionality  on  the  order  of  thousands,  then  the  dimensionality  of 
the  space  of  vector  function  does  not  usually  exceed  10-15. 

Page  26. 

For  machine  working/treataent  to  photographs  it  is  necessary  to 
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give  digital  fora.  Inage  brightness  at  discrete/digital  points  can  be 
obtained  either  by  the  aethod  of  photographic  photoaetry  or  it  is 
direct  by  TV  signals  froa  satellite.  So  that  vorking/treatnent  of 
photographs  in  digital  fora  Mould  prove  to  be  virtually  appropriate, 
it  is  necessary  to  create  the  devrce/equipaent,  converting  the  analog 
TV  signals,  obtained  directly  froa  Heather  satellite,  into 
discrete/digital  signals  in  coda  representation  for  direct 
in put /introduction  into  aachine. 

At  present  there  is  no  generally  accepted  systea  of  the 
classification  of  cloud  iaages  with  ISZ,  siailarly,  for  exaaple, 
accepted  during  ground  obsec vations.  The  coaparison  of  these 
satellite  and  ground  observations  of  cloud  cover  shoved  that  the 
results  of  deteraining  the  cloudiness,  as  a  rule,  coincide 
satisfactorily,  whereas  the  identifications  of  the  foras  of 
cloudiness  frequently  diverge.  Satellite  photographs,  for  exaaple, 
usually  do  not  aake  it  possible  to  discover  the  scattered  cuaulus 
clouds  and  the  thin  translucent  clouds  of  upper  and  average  of  tiers 
[2]. 


This  question  was  in  detail  exanined  by  J.  Conover  [10].  They 
proposed  the  detailed  diagraa  of  classification  telev^  -ion  of  the 
photographs  of  clouds  with  ISZ  (Fig.  1).  According  to  this  diagraa 
the  clouds  are  divided  into  two  groups:  the  cloud  of  cuaulus  and 
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noncuaulus  fans,  in  torn,  the  clouds  of  each  group  are  subdivided 
into  banded  and  nonbanded.  Then  occurs  the  aore  detailed  distribution 
of  clouds  in  dependence  on  straightness  and  caaber  of  bands, 
convexity  and  concavity  of  cloud  nuclei  for  the  clouds  of  cuaulus 
foras,  fibrousness  and  nonfibrousness  of  the  clouds  of  noncuaulus 
for as. 

In  this  article  are  proposed  the  aethods  of  the  autoaatic 
deteraination  of  the  paraaeters,  which  characterize  the  properties  of 
the  tele- photographs  of  cloudiness  indicated.  Of  course  the  diagraa 
of  Conover  is  not  universal.  In  work  [3],  for  exaaple,  is  proposed 
another  classification  of  the  photographs  of  the  cloud  systeas, 
obtained  by  Soviet  by  the  cosaonauts:  clouds  are  subdivided  into 
three  basic  groups. 

The  first  group  includes  the  clouds,  which  develop  in  unifora  in 
its  properties  air  aass,  thus,  for  instance  air-aass  clouds.  The 
second  group  includes  the  clouds,  connected  aith  the  existence  of 
cyclones.  Into  third  group  enter  the  clouds  of  jet  streaas,  which 
appear  with  stable  in  the  direction  high  winds. 

ffa  accepted  the  diagraa  of  Conover,  since  it  is  sufficiently 
detailed  and  constructed  on  aaterial  of  the  television  photographs, 
obtained  froa  satellites,  let  us  eaphasize  that  the  described  below 
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■ethodology  is  applied  to  any  classifications  based  on  the 
ezaaination  of  the  geosetric  special  features/peculiarities  of  the 
photographs  of  the  cloud  cover  of  the  Earth. 
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Pig.  1.  Diagram  of  the  classification  of  cloud  photographs. 


Key:  (1).  Cloud  forn at ion/educations.  (2).  Cunuliforn.  (3). 
Honcuaulus.  (4).  Banded.  (5).  Nonbanded.  (6).  Convex  nuclei.  (7). 
Honconvex  nuclei.  (8).  Fibrous.  (9).  Konfibrous.  (10).  Sinple  or 
slightly  bent.  (11).  Winding  or  bent. 


Page  27, 


§2.  Characteristics  of  photograph  and  the  nethods  of  their 
deter aination  by  ETsVM. 


Let  us  consider  the  consecutively/serially  different 
characteristics  of  photograph  and  let  us  point  out  the  nethods  of 
their  deternination  by  ETsVa.  in  this  case  we  will  consider  that  the 
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photograph  is  given  to  digits!  foes,  i.e..  to  as  is  assigned  the 
two-disensional  array  of  nuaerals  -  plane  field  of  brightness. 

a)  nachine  roon  of  bach  ground  fron  cloudiness.  The  analysis  of 
photograph  begins  with  the  isolation/evolution  of  cloudiness  fron 
background.  Constant  for  all  photographs  of  brightness  value,  which 
demarcates  background  and  cloudiness,  there  does  not  exist,  since 
inage  brightness  one  and  the  sane  of  the  underlying  surface  can 
strongly  vary  depending  on  different  special  features/peculiarities 
of  survey  and  reconstruction  of  inage.  It  is  clear  that  as  the 
criterion  of  discrinination  it  is  not  possible  to  take  the 
average/nean  value  of  brightness  nt.  since  it  depends  substantially 
on  the  portion  of  cloudiness  and  background. 

Using  nt  as  a  border  of  distribution,  let  us  erroneously 
depending  on  the  sign  of  the  neasure  of  the  obliquity  of  brightness 
distribution  of  photograph  £14]  to  relate  either  the  part  of  the 
cloud  cover  to  background,  or  vice  versa,  k  detailed  exanination  of 
other  different  possibilities  shows  that  for  the  criterion  of 
distribution  «  it  is  expedient  to  take  arithnetic  nean  value  of  the 
brightness  of  cloudiness  and  oackground  of  such  black-white  sodel 
whose  dispersion  of  the  brightness  of  the  points,  which  belong  to 
both  the  clouds  and  to  background,  is  equal  to  zero,  conforsity  to 
sodel  to  real  photograph  is  detersined  by  the  agreesent  in  then  of 
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three  firsts  of  initial  aossnts.  Is  not  difficult  to  dssonstrats  that 
for  any  real  photograph  this  sodel  exists,  only  and  not 
contradictory,  if  we  for  its  first  three  initial  ones  of 
aonent/torque  take  the  actual  initial  aoaents/torques  of  this 
photograph.  In  [14]  it  is  proved  that  k«B|*1/2  a«,  where  for  this 
photograph  nt  -  average/aean  value  of  brightness,  a  -  neasure  of  the 
obliquity  of  distribution,  •  -  basic  deviation  of  distribution. 

Let  us  note  in  conclusion  that  the  advisability  of  use  *  as  the 
criterion  of  distribution  is  confirned  directly  by  experiaent.  The 
percentage  of  the  cloudiness,  deternined  by  etsvh,  nearest  of  all  to 
the  evaluation  of  the  cloudiness  in  photograph,  obtained  visually, 
when  as  the  criterion  of  distribution  accept  nunber  * 

b)  The  developnent/detection  of  the  ducts/contours  of 
photograph.  Different  nuaerical  characteristics  of  photograph,  such 
as,  for  exaaple,  the  neasure  of  the  grain  size  of  photograph,  the 
coefficient  of  cloud  fora  (ratio  of  the  square  of  perineter  to  the 
area  of  cloud),  the  degree  of  elongation  and  caaber  of  cloud  bands, 
the  aeasure  of  the  convexity  of  the  boundaries  of  clouds  and  aany 
others,  can  be  defined  after  they  will  be  revealed  and  in  the  neaory 
of  aachine  preserved  the  object  lines  of  the  regions,  occupied  with 
clouds.  After  the  isolation/evolution  of  background  froa  cloudiness 
in  the  aenory  of  nachine  have  already  been  preservad  all  end-points. 


■1 
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bat  they  are  not  yet  regulated.  The  developaent/detection  of 
duct/contour  is  equivalent  to  the  indication  of  the  order  of  the 
search  of  the  following  end- point,  which  belongs  to  the  saee 
duct/contour.  In  [16]  is  given  detailed  description  of  one  of  the 
siaplest  and  easily  realizable  by  KTsTH  algorithns  of  the  search  of 
the  sequence  of  the  conponents/links  of  line  of  deaarcation.  After 
detereining  by  consecutive  scanning  through  line  the  first  end-point, 
we  further  easily  find  the  subsequent  end-points,  arranged/located  so 
that  during  notion  along  duct/contour  the  cloud  reaains  to  the  left, 
and  background  to  the  right  relative  to  the  direction  of 
circuit/bypass.  In  [16]  it  is  proved  that  the  lines,  revealed  thus, 
are  the  locked,  nonself-intersecting  broken  lines.  It  is  obvious, 
that  by  varying  the  criterion  of  distribution,  it  is  possible  with 
the  help  of  these  algorithns  to  select  not  only  the  boundaries  of 
clouds,  but  also  different  lines  of  level  of  brightness  and  thereby 
to  trace  the  structure  of  isolatedes  cloud. 

Page  28. 

c)  the  autual  location  of  the  clouds  of  the  level  lines  on 
isolatedes  cloud.  Are  possible  three  different  cases  of  the  nutual 
location  of  two  ducts/contours:  within  L*.  Lt  within  Lt  and  one 

duct/contour  out  of  another,  for  brevity  let  us  further  differ  these 
cases  respectively  narks  ft*  1*.  L,\ Lf.  Lt-L*.  where  «  takes  two  values: 
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♦1  or  -1  depending  on  the  direction  of  the  circuit/bypass  of  outer 
duct.  Hark  •  indicates,  the  external  or  internal  boundary  of  cloud  is 
outer  duct.  Are  possible  five  versions  of  the  eutual  location  of 
object  lines  in  photograph  (Fig.  2).  In  accordance  with  known 
terninology  let  us  nane  cloud  aultiply-connected,  if  within  it  is  at 
least  one  spot  of  background,  i.e. ,  if  it  not  continuous.  A  quantity 
of  connectivity  of  this  figure  is  called  a  nunber  of  its  line  ofs 
demarcation,  or  the  increased  per  unit  nunber  of  internal  connected 
figures.  For  exaaple,  within  a  single-connection  cloud  of  spots  no 
background  there  is  and  respectively  only  one  line  of  denarcation. 
our  all  boundary  curves,  as  it  was  said,  are  curves  with  right 
circuit/bypass  for  the  appropriate  cloud.  Thereby  for  a  background 
they  are  curves  with  left  circuit/bypass. 

The  reciprocal  location  of  ducts/contours  can  be  distinguished 
with  the  help  of  Cauchy  integral 

As  is  known,  if  (  -  external  point  of  duct/contour,  then  this 
integral  is  egual  to  zero,  if  t  -  internal  point  of  the  figure, 
delineated  by  an  outline,  then  integral  with  right  bypass  of 
duct/contour  is  equal  to  one,  with  left  -  is  equal  to  -1. 

The  introduced  earlier  signs  in  the  synbols  of  aathenatical 
logic  can  be  deternined  by  the  following  for  aulas: 

7£r-A  •<H-!,  +  l|. 


X  A— 1(1  S  1JA 


r 
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Fig.  2.  nutual  location  of  clouds  and  level  linos  on  isolatedes 
cloud. 

♦  i  b  -*  <Ss  +i  d  -i 
■l  i.<  1,  <  t*.  «U»  >  L,-U. 

Page  29. 

or  by  the  words:  relation  Li>U.  equivalent  i*< Lu  neans  that 
there  is  such  point  which  lies  on  duct/contour  Lc  end  not 
belonging  to  duct/contour  L(,  for  which  the  Cauchy  integral  on 
duct/contour  Lt  is  equal  to  •. 

Relation  Li~I.2  neans  that  Lt  does  not  lie/rest  within  L*  and  L* 
does  not  lie/rest  within  hi 

It  ~  h  55  -l  (l,<  Lt)  A  — '  (lt<  l,); 

•  C-1-I.  +  II. 

The  question  about  the  autual  location  of  ducts/contours  arises 
in  connection  with  the  study  of  the  properties,  exanined  in 


,  >.  . 
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points/itens  d)  ,  e),  k)  ,  1) ,  and  also  daring  the  calculation  of  area 
and  periaeter  of  aultiply-connected  clouds. 

d)  the  clouds  of  cuaulus  foras.  Cuaulus  nature  of  cloud  can  be 
described  by  a  nuaber  of  bright  spots,  which  fall  per  the  unit  of 
area  of  cloud,  or,  in  ether  words,  in  the  density  of  the  location  of 
bright  spots  on  cloud.  Bright  spot  we  call  the  set  of  the  points, 
which  lie  on  cloud  and  having  the  brightness,  which  exceeds  the 
brightness  of  adjacent  points.  These  spots  are  natheaatically  lax 
local  aaxiauas,  and  it  is  possible  to  isolate  then  with  the  help  of 
the  lines  of  level  of  the  field  of  brightness.  One  such  aaxiaua  will 
be  United  by  the  closed  curve  of  level  for  which  all  internal  points 
have  brightness,  not  less  tnan  contour  ones. 

Let  us  note,  however,  that  a  nuaber  of  bright  spots 
insufficiently  fully  characterize  cloud  froa  point  the  views  of  its 
cuanliforaity .  For  cuaulus  clouds  characteristic  is  the  specific 
rotation  of  bright  and  dark  spots.  Recently  for  studying  laws 
governing  the  field  of  the  brightness  of  photograph  are 
developed/processed  also  other  aethods,  in  particular  two-diaensional 
spectral  analysis  [5].  It  is  coapletely  possible  that  during  the 
identification  of  the  clouds  of  cuaulus  foras  these  aeans  can  be 
eaployed  additionally  to  the  worked  out  by  us  geoaetric 
characteristics. 
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It  should  be  noted  that  for  the  low-resolving  photographs  the 
cuaulifora  structure  of  isolated  cloud  usually  is  not  discovered,  so 
that  the  division  of  isolatedes  cloud  into  the  clouds  of  cuaulus  and 
noncusulus  foras  is  related  to  photographs  with  sufficiently  high 
resolution. 

e)  the  deteraination  of  grain  of  the  cloud  cover.  The  grain  size 
of  photograph  characterizes  laws  governing  the  location  of  clouds  in 
photograph.  It  it  is  possible  to  nuaerically  deteraine: 

1)  by  the  average/aean  area  of  cloud  grains,  2)  by  an  average 
quantity  of  grains,  which  fall  per  the  unit  of  area  of  photograph,  3) 
by  the  ranks  of  the  distribution  of  cloud  grains  according  to 
sizes/diaensions  and  by  the  aoaents/torques  of  these  distributions. 

f)  convexity  is  the  concavity  of  the  boundaries  of  cloud  nuclei. 
The  point  of  convexity  xs  this  end-point,  when  on  tangent  to 
duct/contour  in  the  vicinity  of  point  of  contact  of  tangency  is 
contained  not  one  internal  points  of  cloudiness. 


If  cloud  is  bypassed  froa  outer  side,  then  convexity  and 
concavity  of  boundary  in  certain  of  its  section  can  be 
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determined  by  the  sign  of  vector-scalar  product  s*(BtB2xB2Bs)n,  whore 
n  -  any  fixed/rtcorded  vector,  perpendicular  to  the  plane  of  figure. 
If  we,  for  exaaple,  direct  vector  a  on  "usM,  then  with  the 
circuit/bypass  of  cloud  froa  without  counterclockwise  in  the  section 
of  convexity  the  three  of  vectors  ifi M2,  a2fl3 ,  n  will  prove  to  be  by 
rightist  and  nunber  s  will  be  aore  than  zero,  in  the  section  of 
concavity  -  by  left  and  s<0.  As  the  criterion  of  the  convexity  of 
cloud  nuclei  can  serve  the  relation  of  the  part  of  the  pe  rise  ter  of 
cloud,  in  which  is  broken  the  convexity,  to  entire  periaeter  of  this 
cloud. 

Page  30. 

Por  the  aeasure  of  the  convexity  of  figure  it  is  possible  to  take 
also  the  ratio  of  its  area  to  the  area  of  the  saallest  convex  hull, 
which  contains  this  figure. 

If  the  saallest  convex  hull  will  be  already  found  in  connection 
with  other  geoaetric  special  features/peculiarities  of  photograph, 
then  the  latter  of  two  aethods  of  deteraining  the  aeasure  of 
convexity  proves  to  be  aore  rational. 

g)  direction  and  aeasure  of  the  elongation  of  cloud  band.  For 
the  direction  of  the  elongation  of  this  figure  it  is  possible  to  take 
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either  the  direction  of  its  greatest  chord,  if  it  is  alone,  or 
direction  of  the  larger  side  of  the  described  about  it  rectangle, 
which  has  niniaua  area. 

Rhen  naxiana  chord  not  only,  for  the  nuaerical  estiaate  of  the 
aagnitnde  and  direction  of  elongation  let  us  introduce  the  concept  of 
the  flat/plane  cone  of  the  aaxiaua  directions,  or  of  director  cone. 
This  snallest  of  the  locked  cones  whose  boundary  directions  are 
directions  of  the  aaxiaua  chords  and  out  of  which  there  is  not  one 
direction  of  aaxiaua  chord,  in  the  particular  case  when  aaxiaua  chord 
only  one,  cone  consists  of  one  direction.  Por  the  direction  of 
elongation  it  is  possible  to  take  any  direction  fron  director  cone, 
for  exaaple  his  axis  of  syaaetry. 

Por  the  characteristic  of  the  aeasure  of  elongation  we  will  use 
the  concept  of  line  of  support  for  this  figure.  Line  of  support 
relative  to  the  locked  duct/contour  is  called  the  straight  line, 
which  has  with  it  although  one  coaaon  point  and  passing  not  through 
one  internal  point  of  the  figure,  liaited  by  this  duct/contour. 

By  the  quantitative  index  of  elongation  can  serve  one  of  the 
following  relations: 


1)  the  ratio  of  the  ainiaua  distance  between  parallel  lines  of 


DOC  *  79140700 


PAGK  JflJ 


support  to  the  length  overall  chord; 

2)  distance  ratio  between  the  lines  of  support,  parallel  to 
certain  direction  of  director  cone,  to  the  length  overall  chord; 

3)  the  ratio  of  the  ainiaua  distance  between  parallel  lines  of 
support  to  the  distance  between  the  lines  of  support,  perpendicular 
to  this  pair; 

4)  distance  ratio  between  pairs  lines  of  support,  parallel  to 
certain  direction  of  director  cone,  to  the  distance  between 
supporting/reference  ones,  perpendicular  ones  to  this  pair; 

5)  the  relation  of  the  sides  of  nininua  by  area  described 
rectangle. 

(As  shown  by  us,  for  the  sufficiently  elongated  figures  for  the 
index  of  the  aeasure  of  elongation  it  is  possible  to  take  any  of 
these  characteristics) . 

He  recoaaend  for  the  index  of  elongation  the  accepting  of 
distance  ratio  between  the  lines  of  support,  parallel  to  the 
bisectrix  of  director  cone,  to  the  distance  between 
supporting/reference  ones,  perpendicular  ones  to  this  pair,  since 
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this  characteristic,  usually  aore  easily  in  all  to  deternine  by  our 
BTsVH  . 

Page  31. 

He  have  evaluated  the  eaxiaus  autual  disagreement  of  these 
characteristics  is  proved  their  interchangeability  for  the  strongly 
elongated  figures. 

Are  established/installed  the  following  inequalities: 

I.  /  >4toa(/,tf); 

where  d  -  the  length  overall  chord,  r  -  a  einieue  distance  between 
parallel  lines  of  support,  \  -  distance  between  the  lines  of  support, 
parallel  to  certain  direction  of  director  cone. 

2.  Angle,  coaprised  by  larger  side  of  einieue  described 
rectangle  with  aaxiaua  chord,  does  not  exceed 

2  arcsln  ‘2.  — . 

3.  Ratio  of  area  of  ainiaun  described  rectangle  to  area  S  of 
rectangle,  one  of  sides  of  which  coincides  with  certain  direction 
froa  director  cone,  is  not  less 

cos  arcsin  I 
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4.  Ratio  of  area  S*  of  described  rectangle,  one  pair  of  sides  of 
which  realizes  ainiaoa  distance  between  parallel  lines  of  support,  to 
saallest  area  of  described  rectangle  does  not  exceed  \  2. 

I  2. 

5.  If  director  cone  has  apex  angle  y,  then  large  side  of  nininun 
described  rectangle  deviates  fros  Biddle  of  this  cone  to  angle 

y  -f  arcsln  2  -J  -  T 

These  theorees  and  evaluations  are  valid  for  convex  figures.  For 
nonconvex  figures  logical  for  the  index  of  the  direction  of 
elongation  to  acquire  the  natures  of  the  elongation  of  the  snallest 
convex  hull  of  this  figure,  since  for  this  figure  and  its  convex  hull 
all  lines  of  support  will  be  geaeral/conaon/total. 

h)  the  striation  of  cloud  systeas.  As  the  line,  which 
characterizes  elongated  cloud  band,  logical  to  take  the  locus  of  the 
niddles  of  chords,  perpendicular  either  to  the  direction  of  the 
elongation  of  cloud,  or  to  its  noundaries. 

Voraal  straight  line  at  the  particular  point  of  the  boundary  of 
cloud  let  us  naae  the  straight  line,  passing  through  this  point 
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perpendicular  to  the  chord,  wnich  coabines  the  points  of  boundary, 
close  to  data.  In  order  to  elininate  chance  in  the  parts  of  the 
duct/contour  and  of  the  errors,  connected  with  transition/transfer 
fron  the  duct/contour  of  boundary  to  the  broken  line  of  the 
experimental  data  of  brightness,  it  is  expedient  as  close  to  this 
end-point  to  consider  not  adjacent  points,  but  distant  behind  it  at 
certain  permanent  for  a  photograph  distance  £6.  The  length  of  this 
segment  6  is  connected  with  the  sizes/di aensions  of  the  elementary 
areas/sites  and  the  degree  of  the  crookedness  of  the  boundaries  of 
clouds.  Normal  chord  at  the  particular  point  of  boundary  we  will  call 
the  segment  of  normal  the  straight  line,  which  lies  within  cloud  and 
which  coabines  this  end-point  with  any  another  point  of  the  boundary 
of  cloud,  since  in  the  memory  of  machine  for  each  cloud  is  preserved 
the  sequence  of  its  end-points,  then  for  each  end-point  of  singly 
connected  ducts/contours  easily  succeeds  in  finding  opposite  end  and 
length  of  this  standard.  Arithmetic  mean  value  of  the  lengths  of 
normal  chords  can  be  named  the  width  of  cloud. 

Page  32. 

The  locus  of  the  middles  of  these  normal  chords  we  will  consider  as 
the  center  line  of  cloud.  The  ratio  of  the  width  of  cloud  to  the 
length  of  its  center  line  is  the  characteristic  of  the  degree  of  the 
elongation  of  cloud.  Fibrousness  of  cloud  we  consider  as  the  banded 
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clouds  of  the  strongly  elongated  fore. 

If  for  this  cloud  the  direction  of  elongation  by  BTsfB  is 
already  found,  then  as  the  line,  characterizing  the  band,  has  sense 
to  take  the  locus  of  the  Biddles  of  chords,  perpendicular  to  the 
direction  of  elongation.  For  the  bandwidth  it  is  possible  to  take  the 
ratio  of  the  area  of  figure  to  the  length  of  this  line,  which 
characterizes  band,  if  the  bandwidth  is  plotted/deposited  at  each 
point  of  the  which  characterizes  lines  in  the  direction  noraal  to  it 
then  is  forned  the  strip  figure,  in  known  sense  which  substitutes 
data.  This  approxina ti on/approach  indicates  the  replacenent  of  figure 
by  the  band,  obtained  as  a  result  of  central* si nilar  transformation 
of  the  characteristic  line.  For  each  point  the  curved  center  of 
trans for nation  is  the  center  of  curvature  of  curve  at  this  point,  and 
edge  bands  defend  fron  this  curved  at  a  distance,  egual  to  1/2  widths 
band. 

i)  caeber  and  crookedness  of  cloud  bands.  The  caeber  of  cloud 
bands  can  be  characterized  by  the  average/eean  value  of  the  absolute 
degree  of  curvature  of  line,  which  characterizes  band,  and 
crookedness  -  by  nueber  of  changes  in  the  sign  of  the  curvature  of 
this  center  line. 

For  the  characteristic  of  the  degree  of  the  caeber  of  band  we 
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propose  to  coepute  the  curvature  of  its  central  line  according  to  the 
following  approximation  foraula: 


where  r  -  radius-vector  of  the  point,  at  which  is  computed  the 
curvature,  r,k  and  r  *  -  radius- vectors  of  points  curved,  distant  froa 
this  on  £h,  h  -  a  sufficiently  low  positive  value. 

If  by  curve  is  accepted  right  index,  then  in  the  section  of  the 
convexity  of  vector  ,  ,  and  r  „  f  they  aust  cob  pose  right  pair,  for 
the  points  of  nonconvexity  -  left,  which  is  easy  to  coae  to 
light/detect/expose  by  determinant  sign 

r  v  *  y  y  * 

•v  *  -<■)’»  y 

Osing  the  determinant  D  indicated,  it  is  possible  the  curvature 
of  curve  to  approximately  compute  according  to  the  simpler  foraula 

A'  ■-  Hut  -14- 

*»  " 

k)  bright  lines  from  clouds  (cloud  street),  in  the  photographs 
of  cloudiness  frequently  is  discovered  a  whole  series  of 
characteristic  parts.  Their  number  includes  first  of  all  the 
so-called  cloud  ridges/ranges  or  the  streets,  which  are  the  regular 
arrays  of  cumulus  clouds.  In  this  paragraph  is  examined  the 
possibility  of  the  formal  determination  of  such  special 
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features/peculiarities  of  the  aethod  of  photography. 

Saall/fine  clouds  can  bo  considered  as  the  low  vicinities  of  the 
local  naxinuas,  which  lie  on  bright  lines.  Since  at  the  points  of 
naxiaua  d z=0,  &z<0,  then  of  the  relationship/ratio  iz«(l/2)d*z  follows 
that  in  extrese  point  and  its  vicinity  d*z  is  fixed-sign  negative 
quadratic  fora  froa  dx  and  dy. 

Page  33. 

In  view  of  this,  in  a  sufficiently  saall  vicinity  of  the  extreaua  of 
the  line  of  level  of  brightness  they  are  locked,  everywhere  convex 
relative  to  the  internal  points  of  this  vicinity  and  in  the  first 
approxination,  they  can  be  considered  as  ellipses,  in  all  photographs 
in  which  we  had  the  capability  to  observe  bright  lines  froa  clouds, 
their  ellipsoidality  and  elongation  along  the  bright  lines, 
containing  then,  were  confiraed. 

is  the  criterion  of  the  fact  that  the  obtained  sequence  of 
clouds  actually/really  foras  line,  can  serve  the  peraanent  or  slowly 
changing  angle  between  the  directions  of  their  elongation  and 
sufficient  density  of  clouds  on  it.  Let  us  consider  one  of  the 
possible  aethods  of  the  search  of  the  nearest  snail  cloud,  through 
which  passes  the  saae  bright  line. 
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Place  ace  axis  ox  along  the  direction  of  elongation,  k  -  index 
of  elongation  for  this  cloud.  He  affinely  convert  photograph,  after 
pressing  it  along  the  direction  of  elongation  into  k  tines,  i.e.,  le 
us  introduce  the  new  coordinates  x'*xk,  y*»y.  Then  cloud  loses  the 
property  of  elongation  and,  therefore,  vanishes  one  of  the  criteria 
of  checking  the  continuation  of  line,  but  bright  line  during  visual 
observation  will  becone  still  brighter  and  clouds  on  it  will  be 
placed  eore  densely.  Then  one  should  expect  that  the  near  cloud  to 
data  will  lie/rest  on  this  line  and  the  passage  of  line  it  is 
necessary  to  seek  on  the  nininun  of  usual,  i.e.,  circular,  netric 
M**x'**y**.  Near  obtained  fron  this  netric  cloud,  which  satisfies  by 
the  criterion  of  continuation,  can  be  considered  the  continuation  of 
the  unknown  line. 

1)  cyclonic  vor tices/eddies.  The  peculiar  spiral^haped  systems 
of  cloudiness  (vortices/eddies) ,  connected  with  strong  blinds,  are 
one  of  the  distinctive  special  features/peculiarities  of  the 
distribution  of  cloudiness  according  to  terrestial  globe.  It  is 
possible  to  nathenatically  cone  to  light /detect /expose  then  in  the 
photographs  of  clouds,  tracing  the  fora  of  cloud  ridges/ranges  and 
extreaal  lines  on  isolatedes  cloud.  For  the  autonated  detection  of 
extrene  lines  and  connected  with  then  vortices/eddies  there  can  be 
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their  used  following  foraal  deteraination.  Bright  line  -  is  tha  line 
whose  individual  sections  ara  tha  gradient  lines  of  tha  field  of 
brightness  and  which  cones  only  through  the  points  of  the  greatest 
curvature  of  the  sections  of  the  convexity  of  the  level  lines  froa 
the  carrier  brighter  part  of  the  cloud.  It  is  in  aore  detail  about 
this  it  is  possible  to  read  in  £9]. 

If  to  an;  special  of  photograph  (to  pole)  descend  several  bright 
open-circuited  and  not  intersecting  lines,  along  which  the  vectorial 
angle  with  apex/vertex  in  pole  varies  nonotonically ,  then  this 
singular  point  is  the  center  of  vortex/eddy,  if  the  curvature  of 
bright  line  in  pole  reaches  a  sufficient  value,  also,  during  notion 
along  extremal  nonotonically  and  intensely  it  grows. 
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Page  34. 

§3.  Test  work  of  set hods. 

For  illustration  of  developed  ones  set hods  we  carried  oat  the 
analysis  of  10  television  photographs  of  cloudiness,  obtained  with 
1SZ  "Tiros-7".  Photographs1  were  not  attached  to 

concrete/specific/actual  area  and  nonent  of  tine,  so  that  we  could 
not  fulfill  the  aeteorological  analysis  of  these  photographs. 

FOOTNOTE  ».  Photographs  ware  given  to  us  by  the  senior  research 
associate  of  TslP  B.  F.  Usaanov  in  1964  the  authors  sparking  prize, 
they  were  body  to  it  for  this.  EMDFOOTMOTE. 


Photographic  filas  of  cloudiness  were  processed  on 
nicrophotoaeter  HF-2  in  the  laboratory  of  aerial  aethods.  Taking  into 
account  the  distortions  of  brightness  on  the  boundaries  of  seguence, 
by  photoaetric  aeasureaent  was  produced  the  scanning  only  within  the 
fraaework,  carried  out  at  a  distance  of  2  an  froa  each  edge. 

Size/di aension  of  the  internal  part  of  the  fraaework  20x20  an.  The 
diaaeter  of  ray/beaa  was  undertaken  equal  to  200  p,  and  lines  were 
carried  out  with  interval  in  200  p.  Thus,  in  all  on  sequence  were 
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placed  approxiaately/exeaplarily  50  lines.  Proa  nicrophotoneter  the 
data  about  brightness  entered  in  the  fore  of  saooth  curves.  Further 
these  graphs  in  the  division  of  radiation  research  of  Bain 
Geophysical  Observatory  were  converted  into  the  two-dinensional 
arrays  of  minerals.  For  this  in  each  line  of  the  diagraa  through 
equal  gaps/intervals  by  hand  were  renoved/taken  the  values  of 
brightness  according  to  the  conditional  uniforn  twenty-four  point 
scale.  For  the  first  five  photographs  the  intervals  between  two 
adjacent  readings  were  undertaten  doubly  snaller  than  for  the  others. 
Those  obtained  thus  10  two-dinensional  arrays  of  nunerals  were 
transaitted  for  adjustnent  and  transnission  of  the  progran,  written 
in  international  algor it hnic  tongue  *  ALGOL-60",  by  BTsFH  B-20.  For 
each  of  10  photographs  there  was  nade  the  following  statistical 
analysis  (Fig.  3)  : 

1)  were  obtained  data  suaaary  and  ranks  of  brightness 
distribution; 

2)  were  found  nininun  s .  and  naxisua  *«..  of  brightness  value, 

average/nean  value  a,.  the  value  of  our  criterion  of  distribution  *• 
dispersion  •*,  neasure  of  the  obliguity  of  distribution  a; 

3)  were  found  the  portions  of  cloudiness  p  and  background  g  on 
photograph,  corresponding  to  criterion  x; 
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'{•bit  1.  Comparison  of  tkt  criteria  of  distribution. 
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Kay:  (1).  Huaber  of  photograph. 


(2) .  Average/aean. 
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In  Table  1  are  coapared  the  portions  of  cloudiness,  found  froa 
different  criteria  of  distribution.  In  this  table  are  accepted  the 
following  designations:  the  least  frequency  vales  of  brightness, 

which  lies  between  two  nodal  values,  p(nt)  and  /><.  >■.  i.'/hxi  the 
portions  of  cloudiness,  found  froa  brightness  distribution,  when  as 
the  criterion  of  distribution  are  accepted  respectively  nt,  ijM.  * 


\ 

The  analysis  of  table  is  shown: 
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1)  criterion  *.•*  ie  applicable  far  not  for  all  photographs, 
since  brightness  distribution  for  a  aajority  of  then  is  not 
two-aodal; 

2)  during  the  evaluation  of  the  portion  of  cloudiness  x  as  the 
criterion  of  distribution  has  explicit  advantage  before  at ; 

3)  sost  reliable  criterion,  in  our  opinion,  is  criterion  *  It 
is  theoretically  substantiated,  virtually  easily  it  is  coaputed, 
possesses  by  aany  interesting  properties  [ 8 ],  gives  satisfactory 
agreeaent  ,-mx>  with 


Pig.  3a.  Basalts  of  statistical  processing  of  photographs  by  ETsVH. 
Sequence  1. 
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ay:  (1) .  Characteristic 

-  tf> 

.  Designation. 

(3) 

.  s< 

iverage/aean  value  of  brightnass  of  photograph.  (5)  .  Portion  of 
cloudiness  of  photograph.  (6).  Portion  of  background.  (7).  Dispersion 


V.  • 
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of  bright ness  of  photograph.  (8) 
distribution  of  photograph.  (9). 
cloud  part  of  photograph.  (10) . 
background.  (11).  Dispersion  of 
photograph.  (12) .  Dispersion  of 


.  Heasure  of  obliquity  of  brightness 
Average/uean  value  of  brightness  of 
Average/ aean  value  of  brightness  of 
brightness  of  cloud  part  of 
brightness  of  background. 
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Fig.  3b.  Basalts  of  statistical  processing  of  photographs  by  ETsTH 
Sequence  2  and  3. 
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Sequence  4  and  5. 


4a.  Hesults  of  the  classification  of  photographs  on  diagraa  in  Pig 


1. 
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Key:  (1).  Sequence.  (2).  Portion  of  cloudiness 
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The  results  of  the  classif ication  of  photographs  are  given  in 
Pig.  4.  Letters  A,  B,  *1,  A2,  ...,  Ala,  Alb,...  are  for  each 
photograph  the  portion  of  tae  cloudiness,  which  belongs  to  the  class 
of  the  saae  designation. 
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Morking/treataent  of  on a  soguonca  according  to  oar  prograa  of 
classification  occupies  20-30  s,  data  inputs  froa  punched  cards  1-2 
ain.,  translation  froa  tongue  " 11GOL- 60"  15-25  ain. 

If  data  input  subsequently  will  be  produced  directly  by  signals 
froa  satellite,  then  this  will  occupy  approxiaately/exeaplarily  5  s. 
In  this  case  will  be  reduced  the  nanual  survey  of  ordinates  with 
oscillograas  and  their  translation/conversion  into  punched  card, 
i.e.,  that  which  nakes  unsuitable  the  nachine  working/treataent  of 
photographs. 
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Pig.  c, ,  Results  of  tlie  classification  of  photographs  on  diagraa  in 
Fig.  1. 
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Key:  (1).  sequence. 
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When  selecting  of  the  diaensionloss  parameters,  which 
characterize  stratification,  convexity,  fibrousness,  we  proceeded 


I 
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directly  froa  obtaining  visually  of  representations  relative  to  cloud 
species,  belonging  to  tbis  class.  For  exanple,  cloud  was  related  to 
banded  ones,  if  the  ratio  of  the  width  of  cloud  to  the  length  of  the 
characteristic  line  exceeded  1/4,  to  convex  ones  were  referred  those 
clouds  for  which  the  ratio  of  the  nonconvex  part  of  the  duct/contoor 
to  entire  duct/contour  did  not  exceed  1/3,  etc.  The  diaensional 
paraaeters  a  nuaber  of  local  aaxiauas,  which  fall  per  unit  of  area, 
and  average/aean  curvature  -  did  not  have  siaple  deaonstrative  sense 
and  aoreover,  they  were  connected  with  the  scales  of  photograph.  For 
aining  the  criteria  of  cuauiiforaity  and  curvature  of  bands  they 
entered  as  follows.  For  one  of  the  fraaes/personnel  they  visually 
deterained  the  percentage  of  the  clouds,  belonging  to  the  appropriate 
class.  Then  all  clouds  in  photograph  were  arranged/located  in  the 
ascending  order  of  the  paraaeter,  with  which  was  connected  the 
division  into  classes,  and  with  the  help  of  conputer  is  found  this 
value  of  the  paraaeter  for  which  the  accuaolated  sua  of  the  areas  of 
clouds  was  equal  to  the  appropriate  sua,  evaluated  visually  for  this 
cloud. 


As  a  result  were  obtained  the  following  values  of  criteria: 

•  H'.'ti  I  1M  l  «|<  tll'M  I 

•I  Ii>  *  1IM  ‘I  »l««  I  »/  2) 

II  M>’  HHMitVH*  't/ 

II.  ».ti  k.lm  I  |l 

0  HIO  . . .  in'  i“i  i*f £) 
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Key:  (1).  for  cuauliforaity.  (2).  striation.  (3).  caaber.  (4). 
convexity.  (5) .  narrow nass  of  band. 

Let  as  note  that  the  nuaerical  values  of  the  paraaeters  are 
given  as  an  exaaple.  They  should  not  be  considered  as  then 
recoaaendations.  The  reliable  values  of  these  criteria  can  be 
obtained  on  the  basis  of  vor kin g/treat sent  of  photographs  in  a  a ass 
guantity.  Only  after  the  statistical  check  of  the  paraaeters  and 
their  nuaerical  criteria  it  will  be  possible  to  rely  on  the  practical 
value  of  the  classification  of  photographs.  Let  us  eaphasize  that  the 
proposed  diagraa  does  not  depend  on  the  nuaerical  values  of  the 
paraaeters,  separating  photographs  into  classes. 

Conclusion. 

In  the  work  are  proposed  soae  geoaetric  aethods  of  the  study  of 
cloud  fora  on  aeteorological  photographs.  Of  course  they  are  not  the 
only  possible  and  coaprehensive.  In  view  of  coaplezity  and  diversity 
of  the  foras  of  cloud  systeas  on  aeteorological  photographs  should  be 
to  first  decrease  a  guantity  of  let  by  photograph  inforaation, 
"pressed"  its  introduction  of  paraaeter  systea  of  the  fora  of 
isolatadas  cloud  and  their  autual  location.  After  placing  this  systea 
of  geoaetric  paraaeters  as  the  basis  of  classification  it  is  possible 
then  to  pass  to  the  solution  of  the  problea  of  the  identification  of 
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for as  and  to  the  evaluation  of  the  reliability  of  the  diagraes  of 
classification. 

Bhatever  nnaerical  characteristics  of  criteria  were  accepted 
into  the  basis  of  classification,  are  theoretically  possible  the 
cases  of  the  essential  disagreeaent  of  the  obtained  results  of 
aachine  division  into  classes  wita  visual  representations.  In  view  of 
the  fact  that  to  cloud  fora  in  photographs  were  placed  no 
liaitations,  geoaetric  aethods  do  not  give  the  possibility  to 
consider,  great  disagreeaent  netween  the  calculated  and  visual 
evaluations,  or  frequency  of  the  essential  disagreeaents  between 
then.  All  this  is  located  in  the  scope  of  statistical  aethods. 
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